IgG4-related tubulointerstitial nephritis (IgG4-TIN) is one of a growing list of conditions attributed to the multiple system inflammatory disorder, IgG4-related sclerosing (or systemic) disease (IgG4-SD). [1] [2] [3] The first of the IgG4-SD lesions to be described was IgG4-related sclerosing pancreatitis, also known as autoimmune pancreatitis. 1 Once thought to be rare, the lesions of IgG4-SD are recognized with increasing frequency in many sites (Table 1) . [2] [3] [4] [5] The presence of numerous IgG4-positive plasma cells (IgG4 þ PC) in the inflammatory infiltrate is a histological hallmark of IgG4-SD. [1] [2] [3] [4] Case reports consistently emphasize this finding in IgG4-TIN, 6, 7 but there have been no detailed studies of plasma cell IgG isotype-labeling in other settings of interstitial nephritis to determine the specificity of this finding. Furthermore, little is known about whether or to what extent unrecognized variants of IgG4-TIN might account for some cases of idiopathic interstitial nephritis seen in a renal biopsy service. To help address these questions, we determined the prevalence and numbers of IgG4 þ PC in a survey of 100 kidney biopsy samples exhibiting active interstitial inflammation, regardless of the principal pathological diagnoses. We then correlated the findings with other histological and clinical features of the cases, and with cases of IgG4-TIN.
Materials and methods
This study was approved by the Institutional Review Board at Oregon Health & Sciences University (IRB00006441). The renal biopsy pathology reports prepared by either of the two authors from 1 January 2009 through 30 June 2010 (18 months) were searched for cases exhibiting sufficient acute or chronic active interstitial nephritis to be identified in the diagnosis or to warrant comment. Hematoxylin and eosin (H&E)-stained slides from these cases were reviewed to confirm that they showed one or more of the features of active inflammation listed below. Samples were excluded that were processed in an outside laboratory, or which provided fewer than 10 Â 400 fields in the original sections or in the re-cuts prepared for immunohistochemistry studies. A total of 100 cases were identified. Four biopsy samples from three patients with IgG4-TIN, and documented IgG4-SD, were also studied. These included two cases provided for this purpose by Dr Kelly Smith at the Department of Pathology, University of Washington School of Medicine. The clinical findings of IgG4-SD in these patients, besides IgG4-TIN, included plasma cell-rich bilateral sialadenitis, lymphadenopathy, and membranous glomerulonephritis (MGN), in one patient, painless submandibular gland enlargement and chronic pancreatitis in another, and polyclonal gammopathy and hypocomplementemia in the third.
All samples were reviewed and scored without reference to the indications for biopsy or other clinical information, and without reference to the original pathology report. This blinded approach was not possible in the review of the IgG4-TIN cases, which were already familiar to both reviewers. The evaluations were conducted independently by two observers using microscopes with identical optics; differences were resolved by consensus at a double-headed microscope. After scoring the histopathology and immunostains, the findings were correlated with the diagnoses and clinical histories.
Histological Review
Inflammatory infiltrates were evaluated in sections stained with H&E. Criteria for active interstitial nephritis included the prominence of neutrophils, eosinophils, plasma cells, or macrophages, or a combination, in the infiltrate, accompanied by acute tubular injury, tubulitis, and/or edema. The estimated proportion of plasma cells in each infiltrate was judged to be rare or absent, moderate (1 to 25%), or high (more than 25%). The presence of active medullary inflammation, obliterative or sclerosing lesions, and evidence of a sharp lesional margin were also noted.
Immunohistochemistry Studies
Re-cut paraffin sections from each of the study cases were stained for IgG4 to identify IgG4 þ PC (IgG4 primary antibody: The Binding Site #MC011 (San Diego, CA, USA) dilution 1:1500, after cc1 mild pretreatment on Ventana XT Instruments (Tucson, AZ, USA), followed by Ventana Ultraview detection), and for the pan-plasma cell marker, CD138 (CD138 primary antibody: Cell Marque clone B-A38 predilute, after cc1 mild pretreatment, with detection as above). Each of these sections was evaluated for the numbers and distribution patterns of the labeled cells. All IgG4 þ PC in each biopsy sample were counted and expressed as an average number per 20 Â 10 ( Â 200) field, rounded to the nearest integer. Each case was then classified, based on the average IgG4 þ PC counts, as rare (fewer than two labeled cells per Â 200 field), moderate (2 to 10 labeled cells per Â 200 field), or numerous (more than 10 labeled cells per Â 200 field). Individual IgG4 þ PC became difficult to resolve in two IgG4 þ PC-rich survey cases with cell densities exceeding 100 cells per Â 200 field. In these cases, an estimate of 4100 IgG4 þ PC per Â 200 field is recorded. IgG4 þ PC numbers were also counted in a 40 Â 10 ( Â 400) field in a high-density area in the IgG4 þ PC-rich survey cases, and in the four IgG4-TIN cases. Even at Â 400, the IgG4 þ PC were too dense to be counted accurately in two of the IgG4-TIN cases. Each case was also classified into one of three groups based on the average numbers of CD138 , and idiopathic chronic active interstitial nephritis (two cases). As described below, we concluded that it is unlikely that any of these IgG4 þ PC-rich interstitial nephritides represented a previously unrecognized case of IgG4-TIN.
Necrotizing and Crescentic Glomerulonephritis
A total of 43 biopsy samples exhibiting NCGN were evaluated in our laboratory during the study period. Sixteen cases had interstitial nephritis and otherwise met criteria for inclusion in the study, five of which contained numerous IgG4 þ PC, with cell counts ranging from 16 to more than 100 per Â 200 field. Each of these five patients had an antineutrophil cytoplasmic antibody (ANCA). These In the remaining 11 NCGN survey cases, the numbers of IgG4 þ PC ranged from 0 to 5 per Â 200 field. They included two biopsy samples with granular deposits, both in patients who were ANCA-negative. One was a 66-year-old man with clinical Henoch-Schö nlein purpura and IgA-dominant mesangial deposits, and the other was an 11-year-old girl with mesangial deposits of IgG, C3, and C1q who presented with an acute viral syndrome. She was ultimately judged to have post-infectious glomerulonephritis. Among the other biopsy samples in this group, three exhibited linear capillary wall IgG deposits; one with an MPO-ANCA and two who were ANCA-negative, including one with necrotizing arteritis. Six biopsy samples demonstrated pauci-immune necrotizing glomerulonephritis without arteritis. Four of these patients had an MPO-ANCA; one had a PR3-ANCA; and one was ANCA-negative.
Membranous Glomerulonephritis
Among 55 cases of MGN seen during the study period, eight met inclusion criteria. On the basis of the available clinical histories, a concurrent drug hypersensitivity reaction was suspected in four of these cases. MGN with interstitial nephritis was also 
Diabetic Nephropathy
Diabetic nephropathy was the principal finding in 93 biopsy samples seen during the study period.
Mild interstitial inflammation was present in most of these samples, but eight were found to have an interstitial nephritis prominent enough to warrant a separate diagnosis, including two with high IgG4 þ PC numbers (16 and 17 per Â 200 field). Both patients had long histories of diabetes and hypertension, and related complications, and neither had known medical histories to suggest IgG4-SD.
Interstitial Nephritis
Of the 100 biopsy samples in the study, 24 had active interstitial nephritis as the principal finding.
As noted in Table 2 , these cases represented several clinicopathological groups: probable drug hypersensitivity reaction; reflux nephropathy, Sjogren's syndrome, tubulointerstitial nephritis-uveitis syndrome, and idiopathic acute or chronic active interstitial nephritis. Only two biopsy samples with numerous IgG4 þ PC were identified among these 24 cases, both of them from the idiopathic group. Both exhibited extensive, dense interstitial infiltrates with conspicuous fibrosis and numerous plasma cells. Because IgG4-TIN was considered during the original work-ups of both cases, brief clinical summaries are provided below.
Case 1
This 55-year-old woman, a long-haul truck driver, presented with a creatinine of 3.0 mg/dl (266 mmol/l), pyuria and hematuria, and 3 g of proteinuria per 24 h. Her renal function had been normal 6 years earlier. (Figures 1a and b) . The principal diagnostic considerations at the time were an adverse drug reaction and IgG4-related TIN, but a single small knot of extracapillary cells in one glomerulus and the suspected renal infarct also prompted suspicion of vasculitis. Studies for serum IgG subclasses shortly after the biopsy demonstrated low IgG3 and IgG4 levels. She was found to have a PR3-ANCA and she was treated empirically for a microscopic vasculitis with steroids and cyclophosphamide. Her renal function stabilized during treatment, but further details of her clinical history are not available.
Lupus Nephritis
Sixty-one biopsy samples were received for evaluation of lupus nephritis during the study time frame. Most of these exhibited some degree of interstitial inflammation, but only six warranted a separate diagnosis of active interstitial nephritis, and otherwise met inclusion criteria for the study. Among these, one contained numerous interstitial IgG4 þ PC (50 per Â 200 field). This case was one of three in this group with granular tubulointerstitial immune IgG deposits by IF, which were shown not to include IgG4 deposits.
Correlation of Histological Findings with IgG4 þ PC Counts
Each sample was evaluated for the presence of acute tubular injury, tubulitis, composition of the infiltrate IgG4 þ plasma cells in interstitial nephritis sample, overall. Acute tubular necrosis, tubulitis, and edema were notable in three, two, and one of the IgG4 þ PC-rich biopsy samples, respectively, whereas the same features were observed in 18, 17, and 8 of the 100 survey sample cases overall. Neutrophils, eosinophils, and macrophages were particularly prominent in one, four, and none of the IgG4 þ PC-rich cases, respectively, and in 17, 22, and 2 cases in the entire survey. One of the IgG4 þ PCrich cases demonstrated medullary involvement, and four of them exhibited dense fibrosis, whereas similar findings were seen in 5 and 18 cases, respectively, among those in the entire survey. Moreover, except for the presence of numerous eosinophils in three of the four IgG4-TIN biopsy samples, the principal features of active interstitial inflammation in these cases were numerous plasma cells and variable edema. The numbers and proportions of plasma cells in the survey cases, whether determined in H&E-stained sections or in CD138-stained sections, correlated only modestly with the numbers of IgG4 þ PC. Among the 11 cases with highest IgG4 þ PC counts, plasma cells numbers seen in the H&E-stained sections were judged to be rare in three (27%), moderate in five (46%), and high in three (27%), compared with 64%, 30%, and 6%, respectively, in the 100 study cases, overall. When the 11 IgG4 þ PC-rich cases were examined using the CD138 stain, plasma cell numbers were low in two (18%), moderate in two (18%), and high in seven (64%) cases, compared with 52%, 30%, and 18%, respectively, in the study cases, overall. Plasma cells were judged to be numerous in all of the IgG4-TIN cases by both methods. The proportions of IgG4 þ PC in plasma cell infiltrates varied considerably in both survey cases and IgG4-TIN cases, although they were never judged to comprise more than half of any plasma cell population. Because of this variation, the CD138 stain added little to the modest information provided by H&E-stained sections alone in distinguishing IgG4 þ PC-rich infiltrates.
Comparisons with IgG4-TIN Cases
Striking histological differences distinguished the reference IgG4-TIN cases from the IgG4 þ PC-rich interstitial infiltrates identified in this survey. In the IgG4-TIN cases, sclerosis consisted of a uniform, virtually uninterrupted, scar-like matrix with obliteration of most tubules, and isolation of glomeruli (Figures 1c and e) . The densities of the infiltrates varied among these four biopsy samples, but in all instances, the inflammatory cells were more or less evenly distributed through the lesional tissue, typically including plasma cell clusters. Geographic or zonal involvement in the kidney was evident by the presence of both wholly affected and entirely normal tissue cores in one case, and by a sharp line of demarcation between lesional tissue and normal parenchyma in the same core in another (Figure 1e ). Eosinophils were numerous in three of the four IgG4-TIN biopsy samples. In contrast to these findings, the fibrosis and inflammation in the IgG4 þ PC-rich survey cases were distributed in patchy or reticular patterns, typically forming streaks that separated tubules and segregated islands of normal parenchyma. Even where inflammation and fibrosis were diffuse, they did not entirely obscure or replace the atrophic tubules (Figures 1a and b) . There was no evidence of sharp zonal or geographic renal involvement in any of these non-IgG4-TIN cases.
IgG4 þ PC were generally, though not always, much more numerous and more densely distributed in the IgG4-TIN cases than in the IgG4 þ PC-rich survey cases. All, but two, of the IgG4 þ PC-rich survey biopsy samples contained focal IgG4 þ PC aggregates ranging from 10 to 65 cells per Â 400 field, whereas all of the IgG4-TIN cases exhibited a relatively uniform density of IgG4 þ PC, with at least 100 cells per Â 400 field. The least cellular of the IgG4-TIN cases, however, and the two most cellular IgG4 þ PC-rich survey cases had IgG4 þ PC infiltrates with comparable maximum density, all slightly in excess of 100 cells per Â 400 field (Figures 1b  and d) . By contrast, the most cellular of the IgG4-TIN cases were estimated to contain several hundreds of IgG4 þ PC per Â 400 field (Figure 1f ).
Discussion
In published reports, most cases of IgG4-TIN accompany other lesions of IgG4-SD [5] [6] [7] [8] [9] [10] [11] (Table 1) , particularly those in pancreas, hepatobiliary system, lymph nodes, and/or salivary glands. This has been our experience as well, but in all of the IgG4-TIN reference biopsy samples reviewed in this study, IgG4-SD first came to light as a result of the kidney biopsy. In IgG4-TIN, renal biopsy is usually contemplated to evaluate an asymptomatic rise in serum creatinine, proteinuria, renal enlargement, and/or focal renal parenchymal lesions. [6] [7] [8] [9] [10] [11] As with other forms of IgG4-SD, IgG4-TIN is often accompanied by serological findings consistent with an immune complex disorder, including marked elevation of serum IgG, particularly IgG4, 6, [8] [9] [10] [11] the presence of ANA and other autoantibodies, 6, 8, 11 and hypocomplementemia. 6, 8, 10, 11 When examined by enhanced CT, the renal parenchymal lesions are typically focal or multifocal and expansile, sometimes mimicking cancer. 5, 6 Histologically, IgG4-TIN is characterized by the presence of IgG4 þ PC-rich lymphoplasmacytic infiltrates, obliterative, expansile sclerosis, 6, 7, 8 and often by peritubular and/or interstitial immune deposits, including IgG4 deposits. 6 Numerous IgG4 þ PC are virtually always present in the infiltrates of IgG4-TIN, 6 as they are in other IgG4-SD lesions, 2, 3 but the criteria and specificity of this finding for IgG4-TIN has not been examined. Strehl et al 12 have recently provided
IgG4 þ plasma cells in interstitial nephritis DC Houghton and ML Troxell indirect evidence that IgG4 þ PC counts may not be specific by documenting the presence of numerous IgG4 þ PC in several inflammatory lesions in nonrenal sites, unrelated to IgG4-SD. We therefore sought to determine the incidence of an IgG4 þ PCrich infiltrate in a series of renal biopsy samples chosen only for the presence of an active interstitial nephritis, regardless of clinical setting or other pathological diagnoses.
The results of our survey indicate that the presence of numerous IgG4 þ PC is not specific for IgG4-TIN. Eleven of the biopsy samples in the survey, or more than 10% of these interstitial nephritides, contained infiltrates with 13 or more IgG4 þ PC per Â 200 field. We concluded that none of these cases is likely to be an example of IgG4-TIN because their histology differed substantially from that in the IgG4-TIN reference cases, and none had clinical findings suggestive of IgG4-TIN or other lesions of IgG4-SD. IgG4 þ PC were much more abundant in IgG4-TIN cases than in most of the survey cases, but there was some overlap between the two groups. For this reason, it may prove to be unproductive to try to establish a threshold density of IgG4 þ PC to distinguish IgG4-TIN from non-IgG4-TIN cases. Rather, the findings indicate that the significance of numerous IgG4 þ PC must be evaluated in the context of the histological and clinical findings of the case, as summarized in Table 3 .
IgG4-rich infiltrates were found in 5 of 16 NCGN cases in this survey, all of them in patients with either MPO-ANCA or PR3-ANCA, and including pauciimmune glomerular lesions and those with either granular or linear immune deposits. This finding is noteworthy in view of recent interest in the possible role of IgG4 ANCA in the pathogenesis of small-vessel vasculitis, [13] [14] [15] but our IgG4 þ PC-rich cases were not clearly different, based on ANCA status or immunopathological findings, from the 11 NCGN cases in the survey with few or no IgG4 þ PC. Despite the frequent finding of autoantibodies in patients with IgG4-SD, we are not aware of reports of ANCA in this setting.
Only 2 of 25 biopsy samples showing interstitial nephritis alone were found to have numerous IgG4 þ PC. These two cases could not be confidently classified as to probable cause, but neither presented with clinical evidence indicative of IgG4-SD, nor exhibited additional histological or IF findings suspicious for IgG4-TIN. One of these patients was found to have a PR3-ANCA following the biopsy, and an unsampled ANCA-associated NCGN was subsequently favored clinically.
The finding of IgG4 þ PC-rich interstitial inflammation in two patients with diabetic nephropathy is intriguing, given recent onset diabetes sometimes complicates IgG4-related sclerosing pancreatitis. 3, 16 However, neither case in this survey had clinical or pathological features to suggest pancreatitis or other lesions of IgG4-SD, and both patients had long histories of complicated diabetes by the time of their biopsies.
The presence of an IgG4 þ PC-rich interstitial infiltrate in a biopsy sample otherwise exhibiting MGN is interesting in light of the described association of IgG4-SD and MGN, 7, 8, 11, 17, 18 and the observation that IgG4 may be important in the pathogenesis of primary MGN. 19 The IgG4 þ PC-rich infiltrate in this case was unaccompanied by other pathological features of IgG4-TIN, and the patient had had no known clinical evidence to suggest IgG4-SD.
The clinical and pathological events that occur during the early stages of the IgG4-TIN lesion are not known. Although we cannot exclude it entirely, we have no basis to believe that any of the IgG4 þ PCrich cases identified in this survey is a mild or atypical form of IgG4-TIN. This suggests that IgG4-TIN is not often the cause of idiopathic nephritis, but additional studies will be necessary to determine its incidence in this population, and to better define the earliest form of this disorder. It has been suggested that IgG4-SD lesions evolve from a highly cellular inflammatory process toward dense sclerosis, 3, 6 and that immune complex deposits are a relatively late manifestation of the disorder. 6 The pathogenesis of IgG4-SD is not known, including whether IgG4 production is a primary or secondary phenomenon, or even whether its role is to mitigate rather than instigate the inflammatory process. 6, 20 It is plausible, therefore, that the earliest IgG4-TIN lesion contains relatively few IgG4 þ PC. In conclusion, the presence of an IgG4 þ PC-rich interstitial infiltrate is a relatively common finding in various settings of interstitial nephritis, particularly in NCGN, and is not specific for IgG4-TIN. Evaluation of interstitial inflammatory infiltrates for the presence of IgG4 þ PC is a useful ancillary study primarily when there are other clinical and pathological features suggestive of IgG4-TIN (Table 3) , but may be unrevealing in the majority of biopsy samples with active interstitial nephritis.
